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It is a pleasure to be with you today to give you some 
details of the United States Army's Composite Materials 
Program. My talk is entitled "Utilization of Composite 
Materials by the U.S. Army ... A Look Ahead." (VG #1) 

The message I would like to leave with you is that the Army 
is very serious about the application of composite materiels 
as it moves to become more and more of a high-tech Army. The 
value of delivering the right technology at the right time 
and at an affordable price (VG #2) certainly was brought home 
during the Gulf Crisis. Prior to detailing the Army's pro- 
gram on composite materials by commodity or mission areas, I 
would first like to show how composite materials fits into 
technology planning Efforts. I will also cover important 
efforts to document design allowable information, supporting 
research, and some notional applications Tdr composite 
materials. This outline proviaes the chronological order for 
the various sections of the talk (VG #3) . 

Regarding technology planning, the Army has several active 
efforts, e.g. Tech Base Master Plan (VG #4-6) and the 
Strategic Technologies for the Army or STAR Study that the 
National Academy of Sciences has undertaken (VG #7-8) . In 
both instances the importance of advanced materials and 
particularly composite materials is seen. 

One can look at the use of composite materials by commodity 
or mission area (VG #9) . Let's start first by looking at the 
most important system in the U.S. Army, Sift Soldier. 

SOLDIER — Today, Kevlar fiber plays a significant role 
in both vests and helmets used for ballistic protection 
(VG #10-11). Tomorrow's helmet may be even stronger and 
lighter with the use of newer fibers such as the SPECTRA 900 
fiber (VG #12-13). 

GROUND VEHICLES — Most recognize the Bradley Fighting 
Vehicle but what is different about this demonstration 
vehicle is the hull - it is made of fiberglass composite 
(VG #14-15) . Advantages are numerous (VG #16) . Plans call 
for this technology to be utilized in the fabrication of 
another hull, this time for a heavier vehicle, in the 50-55 
ton range (VG #17-18) . Other applications of composite 
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materials for ground vehicles are the M1A1 driver's seat 
(VG #19), road wheels (V3 #20) , turbine engine air plenum 
assembly (VO #21) , power pack container (VC #22) , various 
consonants of the 5 -ton truck (VG #23) , bridging (VG #24) 
and tanker applications (VG #25) ♦ 


aircraft — The use of composite materials 

„ in Army aviation. Hie 

materials is realised la the recently 
RAM-65 program (VG #26). Intense prior 
the Army Modernisation Program has paid oft 



is most 
of ccmposita 


Comanche 
involved 
ily. 


in 


Technology development such as in the Advanced composite 
Airframe program, played a major role in the LH Program (VG 
#22) . Use of compcsiyii la the Comanche |a covered in full 
detail (VG #26-30). It should be noted that a strong in- 
house research and development capability contributed signi- 
ficantly to the application of composite# of Army aircraft 
* “ # 32-33 ). 


MISSILES AMD MUNITIONS — The use of composite materials 
for application to rocket motor uses, wings, fins and casings 
is under development (VG #34-36) . 

Important to the use of composite material* is the ability to 
obtain and document properties important to design. The Army 
has bean vary active in the MIL-HdBK- 1? effort to formulate 
the basis for obtaining design allowable data of Important 
composite materials. Various working groups stress the 
importance of standardising mechanical tests, statistical 
analysis and chemical character 1 sat ion (VG #3?) . Three 
volumes of MIL-HDBR-17 (VG #36) present the guidelines, the 
data and utilization of the data of various Important 
materials (VG #39) . 


Complimenting the Army's in-house research to support much of 
the above developmental work is the effort of the Army 
Research Office's University Research Initiative program. 

For example, the URt program at the University of Delaware, 
developing 2 -D cure simulation analysis to predict tempera- 
ture and degree of cure within given cross-sections (VG #40 
a 41), was Important to the processing of thick section 
composite materials for ground vehicle hull application, 
tn addition to awarding graduate fellowships said conducting 
workshops or symposia (VG #62) » the University of Dslawere 
conducts other programs in the area of composite material 
processing (VG (43-46) . Single investigator programs 
(VG #47) , funded by ARC, also contribute significantly to 
the composite materials knowledge base, hooking into the 
future for notional applications, one could visualize smart 
composite materials that would control vibrations in Army 
Aircraft (VG #48-50) . 
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To summarize (VG #51), composite Materials are an important 
segment of the Army's research, development, and engineering 
picture. Because of the diverse Army mission, composite 
materials may find application in any number of mission 
areas. Because of the uncertain funding profile, it is 
more important than ever that technology planning provide 
the basis for effective prioritization and leveraging of 
the tech base efforts involving advanced materials. 
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OUTLINE 

I. Introductory Comments 

II. Mission Area Utilization 

III. Design Allowable Handbook 

IV. Supporting Research 

V. Future Concepts 

VI. Concluding Comments 


VG #3 


ARMY TECHNOLOGY BASE MASTER PLAN 


• TECHNOLOGY BASE INVESTMENT STRATEGY 

• RESEARCH AND DEVELOPMENT BALANCE 

• FOCUS ON CRITICAL/ KEY EMERGING TECHNOLOGIES 

• SPEEDING TECHNOLOGY TRANSITION 

• LEVERAGING SCIENCE AND TECHNOLOGY OUTSIDE THE ARMY 

• QUALITY SCIENTISTS AND ENGINEERS 

SCIENCE AND TECHNOLOGY SUPERIORITY: 

OUR INVESTMENT IN SHAPING THE FUTURE 
AND COMPETING SUCCESSFULLY 


VG #4 


11 






i 


12 










CMNMftrMt IS 

at poortquauw 


I U« MWT MAtimKL COMMAND 

f ornca or tni ewer •cisntibt 


An Independent Adviser to the Army; 

THE BAST 


Ad i ke ll mat • n« commodity, 
especially in the natiwn'a ttpiiul. the 
1 1 lot and mefulneu of a piece 

of advice. h«*nh. ire determined ihH 
Ky it* auilalHtiiv, hot imIici hy die 
ijMliiy of ii» o Huron 

T)k mam criteria nerd h> (iidar ilie 
quality of advice ire the Ck|iCfii«e. 
Integrity, and uhieititity uf the 
memhert of in adnMiri hriily. High 
level* uf tub of ihru tltmlrldv nr 
reflected in the lumpintlhin and 
Kijtiikttil theliultdoo Army .vkm.e 
and ‘trilinotogy (HAM ). 

A unit ul the National Research 
flwdtwil, ihearrt kc annul the Min mat 
Academic* ufhwiurmil linemen mik 
attdihe InMlimenf Mrdit tnr, me 11AM - 
*h formed i« IVNJ at i l*e reqnctt of 


By Mark Bfllto 


Jaiim k biHImur, recently retired 
urvler veil nary id the A* inv. btnt e then, 
•lie inje|irmir«t hoard, ahvir 
member* repictenr a Irroad range of 
acieimfie ami engineering ntpcniie. 
Iiaabno called «>n tuttndy a unetvof 
Kichtrfu. itihNiiluiturl, and man- 
(tonic naoet cool con int|i 'he Army 
Tor ca implt. the HAS V viHO|<4ncd ■ 
fore* jtt oi the Anny’i need* Tor 
»cirmiuc, engineer*. and trvhoiirl 
prrumncl tlirmiKh the end »f the 
t cnmi j. united the dtfeove inipk- 
eamnivof no iratmgu liaiKr 'Htft*rc<*n 
supplier* of elevKuitit v r Mii(Nm tut > 


u*eil In weapon* tpirmi; and evaluated 
Ilk adequacy af the Army'* letcarrh 
bod dc*elu|MMent program on raplo- 
aitea. pfopcIUiut. aod other tieiadic 
material* Ongoing aitrdiea uulwdc a 
cummmng toirw or thr congrct- 
lii mally mandaird (imgtiin to do|iove 
ul chemical ttuch|Mie» h> l'/9* and a 
f*r »cichiM| lotMiuhii that till 
force avt the atrate|ic trchmduglci 
critical in around airfare In the 
21 m ccotuty. 

UMurical Overview 
The ItAM'a parent *«*i'>'<utf«>“» tl*e 
•Vjlioiidl Unearth tonne 1 1 ntd the 

Ml Acadcmv or be urt were 

spa* nrd. m pari. hy the t tiyfn. <• c uf 
• o. longrcs* vi catt'd the academy 


/ W9 need lo 
r fhfn* beyond 
(he year 2000. 



AIRLAND 

BATTLE 


ALB*FUtURE 


ARMY 21 


1965 1990 1995 2000 2005 2010 2015 2020 


AM.C 




STAR STUDY ORGANIZATION 


STAR STUDY 
OFFICE 


SCIENCE A TECH 

1 SUBCOMMITTEE 

SR TECH COUNCIL j 

1 * computer science, ai 

A ROBOTICS 

2 - ADVANCED & ENERGETIC 
MATERIALS 
3-BlOTECHNOLOOYA 
BIOCHEMISTRY 

4 - ELECTRONICS A SENSORS 

5 - PROPULSION & POWER 

6 - DIRECTED ENERGY, I 

PHOTONICS * OPTICS I 

7 * ENVIRONMENTAL A I 

ATMOSPHERIC SCIENCES 

S - MANUFACTURBTOTBCH 
9 * BASIC SCIENCES 


STAR COMM 


EXECUTIVE COMMITTEE 


GENERAL CHAIRMAN 


INTEGRATION 


SENIOR ARMY 
ADVISORY GROUP 


ARMY MISSION 
ADVISORY GROUP 


TTECHNOLOGY MGT * 
DEVELOPMENT PLNC 
SUBCOMMITTEE 


1 - ELECTRONIC SYSTEMS 


1 - AIRBORNE SYSTEMS 
— 3 * LETHAL SYSTEMS 


4 -MOBILITY SYSTEMS 


5 - SUPPORT SYSTEMS 
. 6 - PERSONNEL PERFORMANCE 


1 - HEALTH A MEDICINE 


8 - SPECIAL TECHNOLOGIES A SYSTEMS 


U.S. ARMV MATERIEL COMMAND 
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LIGHTENING THE FORCE 


Close Combat Ugh! 


(Body Armoi; Bridging, 


Close Combat Heavy Portable Shelters) 

Combat Support 

(Armor, Mine-Blast Resistance) 


(Bridging) 

\ 1 


/ 

ADVANCED COMPOSITES 

/ 


\ 

Fire Support 


Air Defense 

(Structural Armoi; Body Armor, 


(HtyhMobKty Vehicles, 

Protective Clothing) 

Aviation 
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(Lightweight Structures, 


l Controlled Radar Signature) 
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MATERIALS ENABLING TECHNOLOGY 

COMBAT VEHICLE COMPOSITE HULL 
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MATERIALS TECHNOLOGY LABORATORY 

DESCRIPTION 

• THICK-LAMINATE HI-GLASS CONTENT 

COMPOSITE MOLDED HULL 

• 3 STREAMLINED MOLDED PARTS 

REPLACE 23 WELDED METAL PLATES 

• BLAST-RESIST. COMPOSITE FLOOR 

• CERAMIC/COMPOS. & EXPANDED 

METAL/COMPOS. SIDE ARMOR 

• PROGRAMrFABRICATE, 6000 ml. TEST, 

COST EST., PROVIDE SYSTEMS 
DEVELOPERS WITH MATLS SPECS. 


VALUE ADDED 

• 25% WT SAVING (hull & armor) 

EQUAL BALLISTIC PROTECTION 

• REDUCED SPALL (Survivability) 

• NO CORROSION (Maintainability) 

• SIGNATURE REDUCTION 

. REDUCED LIFE CYCLE COST 

• LOGISTICS IMPROVEMENTS 

MOBILITY 

TRANSPORTABILITY 
LESS FUEL CONSUMPTION 


STATUS 


FY89-94 PLANS 


• PH. 1 DONE, ON TIME, IN BUDGET . HULL FABRIC. & TEST- mid '89 

• STRUCTURAL ANALYSIS DONE, . FLAMMABILITY CHARACT. - mid *89 

CONCEPT SELECTED: 25% WT SAV. . MMT*AUTOMATED FABRIC. - FY91 

• FULL-SCALE STRUCT. & BALLISTIC "(not funded) 

SPECIMENS MET PERFORM. REQUIRE. • INSTALLATION ON VEHICLE FOR 

• PH. 2 TOOLING DESIGN UNDERWAY 6000 ml. FIELD TEST - mid FY91 

• MATERIALS PROCESS. & SPEC. 

DATA TO TACOM - FY91 





18 




VG #20 


19 








VG #24 


21 









VG #28 


23 



















VG #32 


PORTABLE FIELD REPAIR SYSTEM (CRDA 


• TEMPERATURE DISTRIBUTION TESTS: 

• IMRHM lEMKRMUK PROWS ACROSS PAD 

• mam. mm mm m mm 


FLEXIBLE HEAD TEMP. DISTRIBUTION TEST 
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TENSILE COUPON TESTING: 
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• SHEAR PANEL REPAIR: 

• IBAIRS WK MUCTH* IRAVM M 
MEAT BLANKET TEMMUES 

• MURE COMPARISONS OF OHMNttBJ, 


TENSHLE COUPON TESTS 

rfi VKH ; 3M EC-MSt S/A MhaM 
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• Hypervelocity Structural Development includes a 
family of Composite Motorcases from SPIKE to 
ADICBM with velocity capabilities up to 2000 m/s. 

• Kinetic Energy Penetrator Lethality Test 
Vehicles for performing Full Scale Tests. 

• Composite Motorcase Development for 
Insensitive Munitions Tests on SHRIKE, 
HELLFIRE, and AAWS-M Systems. 
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COMPOSITE USE 
IN MUNITIONS 


O Casings for Improved Conventional Munitions 


Bottom of round nflTYTT 
falls off to release 

submunition, OOOOOf 

^•■oocxxi 


Composite Casing 


O SABOTS 


SABOTS- 




' Submunitions 
(bomblets, grenades, 
mines, etc.) 


Long Hod Penetrator 



IN THE TUBE 


AFTER EXITING THE TUBE 
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MIL-HDBK-17 

POLYMER MATRIX COMPOSITES 

O MIL-HDBK-17, Guidelines for Generating Material Property Data 

• Release: 

• 90% complete 

O MIL-HDBK-17-2B. Material Property Data 

• Release: 

• 13 materials plus all current MIL-HDBK-17 A data 

O MIL-HDBK-17-3C, Utilization of Data 

• Release: 

• 60% complete 
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URI CENTER ON MANUFACTURING SCIENCE, 

RELIABILITY AND MAINTAINABILITY 

RESEARCH ACCOMPLISHMENTS 

FY 1986 - FY 1991 

•8TOCHA8TIC MODEL FOR PREDICTING CURE 

FUNDING ' 

IN THICK SECTION COMPOSITES 


•PERFORMANCE MAPS FOR DESIGN/MANUFAC- 

FYS6 - FY90 FY91 

TURE OF 3-0 TEXTILE COMPOSITES 

ACTUAL PROJECTED 

•CONCURRENT ENGINEERING DESIGN 



RESEARCH $2,318 $70$ 

METHODOLOGY 

FELLOWSHIPS $819 $ 0 

•COMPREHENSIVE MODEL FOR THERMO- 

EQUIPMENT $1,019 $ 0 

PLASTIC FILAMENT WINDING 


TECHNOLOGY TRANSFER 

EDUCATION 

•IMPROVED CURE CYCLE FOR COMPOSITES 

•15 GRADUATE FELLOWSHIPS AWARDED 

IN ADVANCED INFANTRY FIGHTING 

•6 PhDS, 1 MS EARNED 

VEHICLE (FMC, MTL) 

•OVER 50 RESEARCH PAPERS PUBLISHED 

•CONCURRENT ENGINEERING APPROACH FOR 

•WORKSHOPS, SYMPOSIUMS, COURSES FOR 

COMPOSITES IN MI8SILE COMPONENTS 

DOD PERSONNEL 

<MtCO* *£ 

•RESIDENCY PROGRAM FOR ARMY SCIENTISTS 

•DE8IGN OF COMPOSITE AIR CREW MASK 

•3 ARMY OFFICERS PURSUING ADVANCED 

COMPONENTS (CRDEC) 

DEGREES 

•COMPOSITE LIGHTWEIGHT TRAILER DESIGN 


. (TACOM, SANDAIRE CORR) 

J 
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Processing-Induced Stress and Deformation in Thick- 
Section Thermosetting Composites 

T. A. Bogetll (Pft.D. ME) Advisor: J. W. Gltfespie, Jr. 



CONTRAST1MO DEGREE OF CURE PROFILES 
(% Cured) 



VISCOELASTIC STRESS/STRAIN 
CONSTITUTIVE MODEL 

• •Jj 1 - «dJ f t lift) -• hM Vt 
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INCREMENTAL FINITE ELEMENT APPROACH 
ilntc partial i iron comp omnia. wpiipoilrtw 
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ROBUST CONTROLLERS 
( to accommodate some delaminations and debonding ) 

Objective; Controllers designed to reduce the vibrations for a perfect structure may 
not be used for a delaminated structureimay lead to instability;. We would like to 
design robust controllers that can be effective for delaminated beams as well. 
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BLADE VORTEX INTERACTION 


Objective: We would like to discuss the wiribility of controiirjg the magnitude of the 
pressure pulse due to the interaction of the rotor blade withshed vortices of preceding 
blades, by using actuation that changes the shape of the airfoil. 
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Activfc control by the use of shape memory alloys or piezo electric actuators (to change 
the shape of the airfoil) and optimum control techniques. 

Georgia Tech 
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CONCLUDING REMARKS 

O Diverse Mission 
O Stable Funding For Tech Base 
O Need For Advanced Materials 
O Need For Composite Materials 
0 Effective Technical Planning 


VG #51 
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